A comparison of Italian and UK manufacturing plant performance for the Engineering industry is presented, based on data collected in both countries using the survey method. The comparison of the quantitative data indicates that in the areas of flexibility and quality there were no real differences between the performance of Italian and UK plants. However, in the area of people management significant differences were found and these have implications for both researchers and managers in the manufacturing sector.
INTRODUCTION
The manufacturing sector still plays a key-role in the Italian economy, in spite of the growing service sector. Consequently, manufacturing employs 32 percent of the active population and produces about 33 percent of the gross national domestic product [1] . The major Italian manufacturing industries include machinery, transport equipment, iron and steel, chemicals, food processing and textiles. From these, the sectors that are major exporters (to the EU and the rest of the World) are machinery, transport equipment, textiles and chemicals. Given the importance of manufacturing, there is a need to study the performance of Italian manufacturing plants [2] .
Researchers in Italy have focused on different aspects of manufacturing, for instance, the application of just-in-time techniques in the small and medium manufacturing enterprises [3] ; and the theoretical and practical issues concerning the measurement of flexibility [4, 5] . Other researchers have examined the development of suitable metrics applicable to the analysis of quality [6] ; and lead times [7] . Although the results of these various studies indicate areas where Italian manufacturers could improve, there is a lack of specific information on how the performance of Italian manufacturers compares to that of manufacturing plants located in other countries [8] . This article reports on a research project that aims to correct this deficiency through an investigation of the performance of manufacturing plants in Italy and in the UK.
SURVEYS OF MANUFACTURING PERFORMANCE IN ITALY
Operations management researchers have for many years used the survey method to investigate manufacturing performance. Italian researchers have also used the survey method to study various aspects of their manufacturing industry. For example, the survey method has been used to study the nature of the relationships between manufacturing organisations. De Toni and Nassimbeni [9] investigated the relationship between small subcontract manufacturers and their customers, and found that subcontractors all had long-term relationship with their largest customers. However, only in 40 percent of cases did these small firms have a stable and formalised relationship with their customers. Da Villa and Panizzolo [10] investigated the evolution of relationships between manufacturers and customers in the clothing sector. They found that the industry was undergoing a dramatic evolution in customer and manufacturer relationships that for some meant greater co-operations and enhanced levels of integration.
Survey methodology has also been used to investigate the logistics operations of Italian grocery product manufacturers [11, 12] . Similarly, the survey approach has been used to investigate the extent of quality certification among Italian companies [13] , and also the use of flexible integrated automation systems among small and medium sized manufacturing firms [14] .
Other researchers have investigated performance measurement; for example De Toni and Tonchia [15] examined both the development of metrics and of the processes of performance measurement. While other writers have examined the theoretical and practical issues relating to the measurement of flexibility [4, 5] . Other researchers have collected benchmarking data (using other subjective and objective measures) about Italian manufacturer performance in terms of cost, time, flexibility and quality [16] . Filippini, et al [17] investigated the extent to which trade-offs were present in Italian manufacturing plants. They examined the performance of 43 Italian manufacturing plants using a survey that collected both actual and perceptual performance data. Their analysis suggested that it was not possible to state that trade-offs between performance variables had been overcome. In fact they found evidence for the continued presence of numerous trade-offs.
While, as can be seen from the above discussion, a number of researchers have studied Italian manufacturing industry using surveys, there have been few international studies. One international study by Filippini, et al [18] examined the sequence of improvement initiatives which companies undertook in order to improve operations and to obtain higher performance levels. They studied plants in America, Italy and Japan (plants in three sectors -machinery, electronics and automotive suppliers), using the survey method (the questionnaire collected both actual and perceptual data about performance). Their empirical analysis identified four distinct sequences of improvement initiatives that the plants tended to follow in order to improve performance. Voss et al [19] carried out a study of small to medium sized businesses from a number of industrial sectors in Europe. They found that Italian SMEs had superior plant and equipment compared to their UK counterparts. In addition, the Italian plants were faster and more responsive and this in turn delivered high levels of customer satisfaction.
Although the work of Filippini et al and Voss et al has added to the understanding of how Italian manufacturing performance compares to that of other industrial nations, these studies have some limitations. The research carried out by Voss et al (and to a lesser extent Filipini et al) collected performance data using perceptual scales. For example, delivery performance was measured on a five point perceptional scale (this was used to measure managers' perceptions of performance), rather than by recording the actual figure. This means that the performance figures may not be comparable from company to company or from country to country. Secondly, both studies tended to make comparisons using combined industrial sectors, however such an approach ignores the very significant differences that exist between sectors (for example, the typical delivery performance levels in some sectors such as food products are much higher than other sectors such as engineering).
Although there have been various studies of Italian manufacturing including two international studies, there is still a clear lack of reliable information on how the performance of Italian manufacturers compares with those of comparable manufacturing organisations in other countries. Therefore, there is a need to carry out quantitative investigation of how the performance of Italian manufacturing plants compares with other leading European nations -for example the UK.
RESEARCH DESIGN
In order to investigate the differences in the performance of Italian and UK manufacturing plants it was decided to use data taken from the International Best Factory Awards programme (IBFA). These awards have been running successfully in the UK in their current form since 1992 [20, 21, 22] . The purpose of the awards is to recognise and reward manufacturing excellence in the UK, and each year approximately 200 manufacturing companies enter the programme. The Awards program was extended in 1996 to Germany to enable international comparisons to be made -and it was launched in Italy in 1998.
The awards are open to any manufacturing plant; a plant is defined as a relatively selfcontained unit with its own management staff which can be identified either by separate facilities, by separate products or by separate management structure. To enter the awards the plant has to complete a detailed 16 page questionnaire that collects a large amount of data about the manufacturing plant. The plants have two incentives to encourage them to complete the questionnaire. Firstly, there is the possibility of winning an award, and secondly, all plant that enter receive a "personalised" benchmarking report that compare their performance against the other plants in their industry sector. The information collected in the questionnaire covers descriptive data (e.g. cost structure) management policy data (e.g. market positioning) and performance data (e.g. delivery reliability). This has enabled an extensive database to be created against which individual plants can be judged. In addition the database is used for research purposes to investigate manufacturing performance across different industry sectors and more recently internationally (for example New & Szwejczewski [23] ; New et al, [24, 25] ).
In using the survey method to research into the differences and similarities between manufacturing plants in Italy and the UK, it is important to recognise potential difficulties [26, 27] . Firstly, in order to make valid comparisons it is important to have comparable data from both nations. Therefore the questionnaire must be understood by both groups of respondents -questions must be clear and unambiguous. Secondly, the response rate should be high in both countries and, to achieve this, the respondents (especially in the case of Italy) should know that their performance data is treated as confidential. The approaches adopted by the IBFA helps to overcome some of the potential difficulties previously mentioned include:
• Comparable Data. The programme uses an identical data collection method in Italy and the UK. This allows for direct comparisons of plant performance to be made on an international level. The questionnaire itself collects mainly quantitative (rather than qualitative) data at a specific level of detail so that comparability across plants can be maintained. It also does not rely on subjective scoring (for example on a 1 to 5 scale), which is open to considerable variability in interpretation by respondents. The questions focus on obtaining verifiable data on key manufacturing variables (a detailed comparison of the BFA programme and other survey studies of manufacturing operations may be found in New and Szwejczewski [23] ). The authors contend that the quality of the data collected is very high. The main reason for this is that if a plant is shortlisted for an award it will be visited by a team of judges. The plant management knows they will be cross-examined on the data and required to substantiate all entries. New and Szwejczewski report that having audited over 120 manufacturing plants in the UK since 1992 they have only found one case of a significant discrepancy and this did not appear to be deliberate [27].
• Questionnaire. Poorly designed questionnaires can cause difficulties for the operations management researcher. The IBFA questionnaire has been extensively piloted and tested in the UK. Before it was used in Italy it was translated by a native speaker, reviewed by academics and then tested with practitioners. This ensured that the questionnaire contained no ambiguous or biased questions.
• Response Rate. Surveys sometimes suffer from a poor response rate. The IBFA has not suffered from this problem, a significant number of questionnaires are completed and return each year [27].
• Confidentiality. The questionnaire collects a lot of data about a manufacturing plants operations and performance. Management may not provide this information if they feel that the data will not be treated as confidential. The IBFA programme has right from its inception treated all submitted data as strictly confidential. The database therefore does not contain any information about the plant address, location, telephone number etc. A reference number identifies each plant record. In addition, the names of those plants that have entered the awards (except those that won awards) are never disclosed.
To avoid the problems that could arise from using a non-comparable sample, it was necessary to focus the research on a single industry sector for the Italian/UK comparison, namely the engineering sector. The sample that was used in the research contained 45 Italian plants (which had completed the questionnaire in 1998 and 1999) and 51 UK plants (which had completed the questionnaire in 1998).
The plants were compared on 25 variables that are summarised in Table 1 . These included both plant descriptors (e.g. number of products) and performance data (e.g. stockturns) and fell into the seven categories shown in the Table. For each of the 25 variables presented in Table 1 , the initial null hypothesis was that there was no difference between the performance of the Italian plants and the performance of the UK plants. That is, all data points come from the same distribution. Since all the data considered were in the form of continuous variables, the test of significance used was a two-tailed t-test. Table 2 presents a detailed comparison of the performance of Italian and UK engineering plants. The Table shows performance of the two groups of plants for the seven categories of variables and also the statistical significance level. Table 2 indicates that the general characteristics of the plants in the two sample populations seem to indicate that the UK plants were larger (on average 326 compared to 174 employees) and that the products produced were more complex (308 compared to 236 components/product). However, there is no statistical significance attached to these differences and we may therefore conclude that the samples were in fact relatively well matched across these three characteristics In fact, the three plant descriptor variables presented in Table 2 represent only a fraction of the variables on which the two groups were compared. A comparison was carried out on many of the other key variables available from the BFA database (for instance the physical size of the plants), however the results of this analysis lead to a similar conclusion -no statistical differences were found. The results of the comparison of the descriptor variables suggest that the two samples were relatively well matched and this allowed valid comparisons to be made for the six performance areas: lead times, flexibility, schedule performance, quality, people, and innovation.
4.COMPARISON OF ITALIAN/UK PERFORMANCE

Plant Descriptor
Lead Time
The data presented in Table 2 indicates that the Italian plants have shorter procurement lead times compared to the UK plants (52.9 days compared to 65.8 days). It is common practice in Italy to predominantly use local suppliers who can provide short procurement lead times. The two groups of plants also had similar component manufacturing lead times. However, in the case of assembly lead times the UK plants had much shorter average assembly lead times than the Italian factories (4.4 days compared to 7.1 days). In the case of the average quoted customer lead time, the UK plants quoted a slightly shorter lead time than the Italian plants. However, while we can see difference between the two groups of plants for the various types of lead time, none of them are statistically significant.
Flexibility
The average component set-up time among the Italian plants was only slightly lower than the UK plants (52.1 minutes compared to 64.2 minutes). While in the case of set-up times in assembly the UK plants achieved set-up times that were half (12.5 minutes) of those achieved by the Italian plants (26.3 minutes). However, these differences in set-up times are not significant. Table 2 indicates that the UK plants use less capacity for changeovers, compared to the Italian plants (1.9% compared to 2.7%). The UK plants also achieve a higher number of stock turns compared to the Italian plants. The UK plants achieved just over 10 turns per annum compared to 7.9 turns achieved by the Italian plants. However, while differences are present none of these were found to be statistically significant.
Schedule Performance
The UK and Italian plants had fairly similar schedule adherence performance. They also had fairly similar delivery reliability. However, in the case of the service level performance the UK plants had a much higher level, 92.5% service level compared to the 85.8% achieved by the Italian plants. However, as with the previous performance areas the differences were not significant.
Quality
Previous research has found that Italian engineering companies used 2.3% of their capacity for reprocessing and had a reject rate of about 3.1% [13] . These results are confirmed by the current study. The Italian plants produced a slightly lower level of scrap than the UK plants; 2.6% compared to the 3.0% for the UK factories. The amount of capacity used for reprocessing by the Italian plants was also much lower then the UK plants. Also, the level of right first time quality was on average better in the Italian plants, when compared to the UK plants (96.1% compared to 93.7% respectively). However, once again the differences that existed between the UK and Italian plants were not statistically significant.
Labour
The main differences between the two groups of plants were found to be present in the area of labour. Table 2 shows that three out of the six performance measures show differences that are statistically significant.
The average length of service of the employees in the Italian plants was longer than that found at the UK plants -14.4 years in Italy and 10.1 years in the UK. This difference was highly significant, below the 0.001 level of significance. This is due in part to the fact that Italy has a much older workforce.
The average turnover rate for the two groups of plants was similar (9.8 in Italy and 8.2 in the UK). However in the case of the average rate of absenteeism, the Italian plants had twice the level of that of the UK plants -5.7 % in Italy and 3.3% in the UK. The difference in the rate of absenteeism was significant at the 0.007 level. The low level of absenteeism among the UK plants we feel is due to the impact of high level of 'peer pressure' to come to work, which is associated with the greater use of autonomous teams in the UK. Our research suggests that this approach to manufacturing management is much more common in the UK than in Italian factories. Anecdotal evidence for this was found at one of the Italian plants visited by the authors. At that plant the level of absenteeism was significantly lower in the area where group working had been implemented compared to the rest of the factory (where the tradition approach was still in operation). Table 2 shows that the UK plants involved 50 percent more of their employees in problem-solving groups than Italian plants, this difference was significant. The Italian plants appear not to be as advanced, as the UK plants, when it comes to employee involvement. The data in the Table indicate that the Italian plants undertake more training (on-the-job training levels for existing or new employees) than the UK plants. However, these differences are not significant. So, while the analysis indicates there is a difference in the level of employee involvement, there is no difference with regard to the amount of training invested in each employee.
Innovation
Innovation performance is measured in two main ways in the IBFA questionnaire. Firstly, "time-to-market" data measures how long it takes to get a significantly new/different product to market. Secondly, the rate of product innovation is measured as the number of significant new products introduced over the last 3 years as a proportion of the existing product range-converted to an annual rate.
The Italian plants were able to bring new products to market in less time than was taken in the UK plants (11.6 months compared to 14.7 months). However, this difference was not statistically significant. The mean annual innovation rates of 1.91% for Italy was lower than the 3.26% being achieved by the UK plants, however the difference between the two nations was not significant. The low level of innovation among the Italian plants may be due to the fact that managers have adopted an approach that is incremental; they tend to make modifications and react to new innovations in the market.
BEST PRACTICE -EXAMPLES FROM ITALIAN MANUFACTURING
In the past, there has been much rhetoric in the press about the relative performance of manufacturing industry in different European countries. However, much of this discussion has been based on flawed studies (based on subjective measures), or anecdotal evidence of national differences. In contrast, the International Best Factory Awards programme aims to collect accurate and objective data, which can be used to make meaningful comparisons of manufacturing performance across international boundaries. In addition, these data can form the basis for identifying best practices and therefore lead to concrete recommendations for manufacturing industry in Italy and also the UK.
The data presented in this paper cannot in itself, tell companies how to run their operations more effectively. Nor do they indicate directly how manufacturing can create more competitive advantage. However the information does provide an insight into the levels of performance that are possible and as such, provides an agenda for change. Quantitative benchmarking (provided its limitations are acknowledged) can be a major driver for change at both the plant and national level -and may prove to be of assistance to Italian manufacturers. Table 2 indicated the areas where Italian companies were significantly different from their UK counterparts. Only in the area of people management (i.e. labour) were significant differences present, in particular in the level of absenteeism and the involvement of employees in problem solving groups. For any manufacturing plant which, as a result of benchmarking exercise, recognises that its performance is poor in the area of people management two key question arises; can improvements be achieved and who can we learn from?
The four Italian plants outlined in Table 3 won various awards as part of the Italian Best Factory Awards in 1999. These four plants offer example of best practice that other Italian manufacturing organisations can learn from -examples of how improvements can be made. The four winning plants share a common feature -they have made many technological and organisational innovations including a strong focus on the management of their human resources [8] . Considering that these winning units operate in different industrial fields and that they are characterised by different production processes, it is interesting to note that they all focused particular attention on people management. They all exhibited a continuous commitment to educating and training their employees and a strong will to invest in their professional development.
The Graziano Trasmissioni plant in Cascine Vico, manufactures gears for off-road vehicles, was able to reduce costs and improve its facilities flexibility. From 1996 to 1999 the plant saw a reduction of 30 percent in absenteeism, a 19 percent improvement in delivery performance, a 33 percent reduction in average lead-times, a 15 percent improvement in productivity and a 40 percent increase in stock turnover. It was able to do this by redesign of production flows and the introduction of product focused cells. However, these changes and the improvements could not have been attained without the active involvement of its production employees [28] .
The Unilever plant (part of the Elida Faberge group) located in Gaggiano produces tooth-brushes, toothpastes, and perfumes. The plant had a high level of integration with its suppliers as well as flexible production equipment manned by flexible labour. The plant had attained a reduction in the scrap rate of 66 percent and cut manufacturing lead times by 57 percent in the last three years. The management of the plant suggests that the organisation of the work force into teams had played a key role in their success. The plant management introduced team working in 1997. Team members were trained to carry out all the jobs that their group performed, also the teams operate in an environment without any long hierarchical reporting lines [29] . Generally speaking, positive results were achieved right from the start of the introduction of the teams. For example, there was almost immediately a reduction in the rate of absenteeism by 20 percent and an improvement in the participation in TPM projects of around 35 percent.
Ucar International Inc plant in Caserta produces artificial graphite for blast furnaces. Over a ten years the plant has pursued a strategy of improvement by the application of the principles of total quality, team working, continuous improvement and investment in new equipment. The introduction of new equipment reduced the size of the plant by a third and also reduced the workforce by one third. The introduction and development of empowered teams helped to maintain high levels of commitment by the employees (at a time when the workforce was being reduced). Over the ten year period absenteeism actually fell by 44 percent. In addition, the plant became a much safer place to workthe plant was able to achieve a record 1000 working days without any accidents of any sort, minor or major [30] .
The Sachs Automotive Italia plant is located in Villaperosa. It produces shock absorbers for cars, motorcycles and industrial vehicles. The plant's management has been able to improve the participation of its employees in continuous improvement, improve labour flexibility increasing the level of multi skilling in the factory, and reduce the level of absenteeism by 24 percent over a four-year period and increase production over the same period [31].
The four above examples -all were chosen as winners in Italy -demonstrate the importance of team working in modern manufacturing management. As manufacturing technology diffuses and management techniques (such as JIT) becomes widely adopted, it is often the management of the shopfloor employees and how they are motivated to take greater responsibility through team working, which makes the biggest difference. Potentially, many Italian manufacturers have much to learn in this area.
CONCLUSION
In the past there has been a lack of data on the performance of Italian manufacturers compared to other countries. This paper has gone some way to correcting this situation. The research presented in this paper compared the performance of Italian engineering plants with that of UK engineering plants. Interestingly enough the results of the analysis indicate that there were no significant differences between the two groups of plants for the normal 'hard' performance areas such as quality, delivery or lead times. Where there were significant differences difference, these were in the area of people management. The Italian plants had significantly higher levels of absenteeism that the UK plants. Also, the level of involvement of the employees in problem solving groups was also much lower among the Italian plants compared to the UK plants.
The results of this research have implications for Italian managers. They indicate that Italian manufacturing performance is on a par with that of UK engineering companies. However, the research identifies an area of weakness that Italian manufacturers may not yet have recognised -people management. Actions to improve this area could lead to important performance improvements for Italian manufacturers. This is an area that Italian manufacturers can start to work on now and potentially it will yield benefits for some time to come. All four plants were able to make improvements in performance partly because of their focus on improving their management. For example, the Graziano Transmission plant in Cascine Vico, could not have achieved a reduction of 30 percent in absenteeism, a 19 percent improvement in delivery performance, a 15 percent improvement in productivity and a 33 percent reduction in average lead-times without the active and wholehearted involvement of the factory employees. The other plants also experienced dramatic improvements in performance, which partly resulted from the correct approach to people management. All four plants saw reductions in absenteeism, an increase in the level of flexibility and all the plants involved their employees in continuous improvement activities.
The research also has implications for operations management researchers. The project showed that is it possible to collect reliable, comparative data on international plant performance using the survey approach. It highlighted the importance of using the same questionnaire when comparing the performance of manufacturing plants in different countries. In order to make valid comparisons the questionnaire should be translated into the relevant native language and piloted before it is used. This ensures that the questionnaire does not contain any ambiguous or biased questions. The research project also indicates, when carrying out international comparisons, the importance of using the same unit of analysis -in the case of the IBFA this is the manufacturing plant.
The project also highlights then importance of collecting actual plant performance data so that comparability across plants can be maintained. Relying on data that is based on subjective scores of performance (for example on a 1 to 5 Likert scale) is open to considerable variability in interpretation between respondents. Unfortunately, previous researchers (e.g. [19] ) have relied on perceptual data and have even based conclusions on the correlation between different sets of such data (although this is subject to common method variance).
The research indicates areas that need further investigation by operations management researchers. For example, there is an opportunity to investigate the exact nature of the differences in people management practices that exist between engineering companies in Italy and the UK.
The research only compared the performance of Italian and UK engineering plants. Research could be carried out into the differences in performance between Italian and UK plants in electronics and other sectors. It will be interesting to see if the same findings emerge in these other sectors. The present study focused on only two countries. There is also a need for multi-country comparisons of manufacturing performance.
The IBFA initiative has an important role to play both for managers and researchers. The benchmarking data that comes from the scheme can help managers improve their manufacturing operations. The data can also be an invaluable input for researchers into the study of manufacturing plant performance at both a local and international level. Overall, the IBFA research project offers a reliable methodology that allows for systematic and meaningful comparisons to be made between manufacturing plants in different countries. This should promote the identification and transfer of best practicesomething that is essential to the competitiveness of manufacturing companies in Europe. • Number of products 
